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The retraction is easy to construct. The essential point is to find a parameter value t* for each path which varies continuously with the path and has the property that for 0 < t < t* the points x(t) and x(O) are less than one unit of distance apart. Then a unique shortest geodesic runs from x(O) to x(t).
To define 1*, let d(t) be the distance from x(t) to x(O). Then we define a continuous monotone decreasing function 8(t) by d(t) = mn I f 1 -d(r)J.
This function 5(t) varies continuously with the path; hence we can define t* by the equation t* = 8(t*). Using t*, the deformation of the paths into geodesics of unit length can be defined as a three-stage process. First, contract the path along itself until it becomes the subpath ending at the parameter value t*. We may now deform it into the geodesic segment-from x(O) to x(t*), with the use of the geodesic segments from x(O) to x(t), 0 < I < t*. Finally, the geodesic segment from x(O) to x(t*) is gradually extended until it has unit length. 
PENNSYLVANIA
Communicated by David R. Goddard, March 2, 1955 The hypothesis that the nucleus controls the differentiation of embryonic cells dates back to the time of Roux and Weismann. Originally it involved the assumption of a segregation of nuclear determiners of differentiation during cleavage. When put to the test, the hypothesis was found wanting.1 Embryological experimentation showed that the distribution of nuclei during the early cleavages could be altered without producing a corresponding alteration of the developmental pattern. Furthermore, cytological evidence of the equational nature of mitosis was against any theory of differentiation involving somatic segregation. Finally, modifications of the hypothesis which required permanent changes in gene activity were difficult to accept. So far as was known, such changes (i.e., mutations) occur infrequently and unpredictably, while what was required was a co-ordinated series of directed gene changes. Taken together, this evidence indicated that somatic cells contain identical nuclei. However, definite proof of this fact was obtained only for the early cleavage stages, and the possibility remained that nuclear changes, perhaps of a type not heretofore recognized, might occur later in development. 2 In an effort to detect changes in the properties of nuclei during differentiation, we have developed a method for transferring nuclei of embryonic cells into enucleated eggs of the frog Rana pipiens.3 4. The earlier work with this procedure showed that living nuclei of undifferentiated blastula cells could be successfully transplanted. The recipient eggs developed into normal embryos, demonstrating that there had been no irreversible changes in the nuclei during pregastrula development.
More recently, nuclei of chorda-mesoderm and presumptive medullary plate of the late gastrula were similarly tested.5 The donor cells were small and difficult to handle, and fewer of the attempted transfers were successful than had been the case in the previous experiments. About 8 per cent of the test eggs developed into normal blastulae which, on the basis of their appearance, would have been expected to differentiate normally. Instead of so developing, about half the blastulae were arrested in blastula and gastrula stages. Of the remainder, a few developed into larvae, while the majority were arrested in various embryonic stages. At the time there were two possible interpretations of this result. One was that the nuclei of determined areas of the late gastrula had undergone a change restricting their capacity to promote certain of the varied types of differentiation required for the co-ordinated development of the egg. Such a nuclear change could easily account for the cessation of the development of the test eggs. The second possibility was that the nuclei might have been damaged in the course of the transfer in such a way as to lead to the same result. Since this possibility could not be excluded, we adopted it as the more conservative interpretation and emphasized the fact that some of the test eggs did develop normally. This indicated that at least some, and possibly all, of the late gastrula nuclei were unchanged, despite the fact that the tissues were determined.
Recently the experiments mentioned above have been repeated and extended, using an improved procedure for nuclear transplantation. The improvement consists mainly of the use of trypsin and versene (ethylenediamine tetra acetic acid) to aid in dissecting the embryo and isolating individual cells of known type in undamaged condition. The embryo is first placed in 0.5 per cent commercial (Difco) trypsin made up in a Niu-Twitty solution7 lacking Ca++ and Mg++ and buffered at pH 7.1 with phosphate. The trypsin has a preferential action on the material cementing the embryonic layers together. As it acts, the layers can be neatly separated. A portion of the desired layer is now placed in 5 X 10-4M versene, also made up in the modified Niu-Twitty solution. The versene quickly affects the intercellular material-within 5-10 minutes the cells round upand are transferred to the regular Niu-Twitty solution. They can now be picked up singly in the transfer pipette, and the nuclei can be transplanted in the manner previously described.4 :322 PROC. N. A. S.
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The improved transplantation procedure was first tested on nuclei of undifferentiated early gastrula cells, with gratifying results (Table 1 ). The proportion of attempted transfers resulting in normal cleavage of the recipient eggs was increased from 21 to 41 per cent. There was also a pronounced improvement in the later development of the test eggs, as indicated in the table. The experiments with late gastrula chorda-mesoderm nuclei were now repeated. With the new procedure the proportion of recipient eggs displaying normal cleavage and blastula formation was more than doubled-from 8 to 22 per cent-indicating that more of the nuclei were being transplanted in undamaged condition (Table 2) . On this basis one would expect a definite improvement in the later development of the blastulae. However, no such improvement was observed. The majority of the blastulae were still arrested in blastula, gastrula, or abnormal postneurula stages. Sections of the latter embryos showed that the inductor system (notochord and somites) was differentiated, while the central nervous system was very deficient and occasionally absent. These experiments indicated that the deficiencies in the development of the "chorda-mesoderm embryos" were not, as we had previously thought, entirely the result of nuclear damage but rather reflected an intrinsic change in the "differentiative" properties of the chorda-mesoderm nuclei. In order to obtain more decisive evidence of nuclear changes during cell differentiation, a series of experiments was done on nuclei of the presumptive mid-gut region of late gastrulae. The cells in this region (floor of archenteron) are large and are easily handled during the transplantation operation, which can therefore be carried out with minimal risk of damage to the nuclei. The results of these experiments showed, first, that the endoderm nuclei elicited normal cleavage and -blastula formation in 40 per cent of the test eggs-this being almost exactly the same result as was obtained in control experiments with nuclei of undifferentiated early gas-ZO7LOGY: KING AND BRIGGS trula cells (Table 3) . However, the later development of the two groups of blastulae was quite different. Most of the control blastulae developed into larvae, while the "endoderm blastulae" were usually arrested in blastula, gastrula, or abnormal embryonic stages. The abnormal embryos were very interesting. They grew to a length of about 6 mm. and displayed a combination of deficiencies which we have not observed in other embryos. This syndrome is characterized by a loss of the integrity of the epidermis, which becomes thickened in some places and thin or absent in others. Internally, the notochord is well developed, somites are large but abnormal in forms and the gut is developed as well as the general condition of the embryo allows. All ectodermal derivatives, however, are very poorly developed and display degenerative nuclear changes. It should be added that these effects on development are not observed when endoderm cytoplasm alone is injected into either enucleated or normally nucleated eggs.
Disg
From the results described above it now appears definite that nuclei undergo certain changes during differentiation. These have been best worked out for the endoderm nuclei of late gastrulae. The transplantation tests show that these nuclei have retained the ability to participate normally in cleavage but are usually restricted in their potentiality for differentiation. In some cases chorda-mesoderm is formed, and some attempt at the differentiation of central nervous system and other ectodermal derivatives ensues. In others, development stops sooner, before any neural structures appear. Finally, experiments not reported here reveal that at later developmental stages there is a loss of the capacity of these nuclei to enter into cleavage of egg cytoplasm. All together, this suggests a progressive specialization of nuclear function during cell differentiation. Concerning its nature there is as yet very little known. How it may differ in different tissues, whether it depends upon alterations in chromosomal or other aspects of nuclear function, and the question of correlated changes in cytoplasmic elements are among the problems remaining to be worked out.
A more detailed account of these experiments, and of those involving nuclear transfers from later developmental stages, is in preparation.
Summary.-Nuclei of chorda-mesoderm and endoderm of late gastrulae (R. pipiens) were transferred to enucleated eggs. In the successful cases the recipient eggs cleaved normally and developed into complete blastulae, the majority of which were arrested in blastula, gastrula, or abnormal embryonic stages. Evidence is presented to indicate that the failure of the test eggs to differentiate normally is
